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MEASUREMENT OF THE TONOSPHERE TEMPERATURE BEGINNING
WITH THE TWILIGHT FLUORESCENCE OF ALUMINUM OXIDE

Annales de Géophysique, by B, Authier,
No.-9, September 1964 Je E, Blamont,
T. 20, fasc. 3,1964. » .. - & G, Carpentier

Several recent observations [1, 2] have shown that the
emitters containing barium nitrate (or potassium nitrate) and
aluminum, ignited at an altitude of more than 95 km, provided at
twilight, by way of optical resonance, an intensive luminosity due
to Ba (or K) and AlO.

The fast Na and Al10 emitter, which we realized as compact
as possible, is based upon that principle.

We manufactured in cooperation with J. Lagrange of the
"Centre d’Etudes du Bouchet", a tight emitter containing a mixture
of 7 kg of aluminum and 6 kg of sodium nitrate, compressed at
25 kg/cmz.

Placed aboard a Centaur rocket, fired at Mammaguir on 9 Feb.
1964 at 18 23 hours UT (solar depression 6°30'), this emitter gave
at 177 km altitude a very luminous orange and greem cloud, visible
during the emtire twilight.

Being optically thick, the sodium cloud did not allow to
obtain temperature measurements beginning with the width of the
doublet D; the twilight fluorescence of A10 gave, to the contrary,

a good measurement of kinetic temperature.

* Mesure de la température de l'ionosphere a partir de la fluorescence
crépusculaire de monoxyde d'aluminium.



We have followed with the aid of a photometer [3], the
variation in time of the intensity of sequences Av= — 1,0 and +1
of the tramsition 3% — 3 +of A10. Each of them was measured by a
photomultiplier preceded by an interferential filter and & telescope,
whose field, limite. by a diaphragm, cut at the center of the cloud
an approximately cylindrical volume. We assimilate the cloud to a
disk, of which we observe the central part, and this brings us to a
problem of plane diffusion. On the other hand, we postulate that the
total number N of molecules Al O is constant, which implies that the
molecules Al O, formed in the course of the rapid chemical reaction
(a fraction of a second)

NO;Na +3Al > Na 4 3A1 0 4 1/2 N,,

do not react with the atmosphere.
The diffusion equation will then be written:
wr, t) — ‘-GIEA} e—Tr/4A8,

'

N being the total number of emitters; n (r, t) — the number of emit-

ters at the time t in an element of unit surface situated at the dis-

tance r from the center of the cloud; A is the diffusion coefficient.
We have for the observed entire central disk:

N

n(t) — —.T L e—1Y4AL 9
) o 4mAt e wrdr

2nr?
wt) = N (l —-e— m:)
The telescopes' field was inferior to 40', and r < 500m; on
10
the other hand A <10  and, 1 minute after the emission, we may write

n(;)~N;%:.

If the cloud is optically thin, n (t) is proportional to the
lighting. It may be seen in Fig.1l that the curves 1 and 3, correspond-
ing to sequences Av = —1 and +1, are hyperbolae indeed, which jus-
tifies our hypothesis on the stability of Al O, and shows that the

cloud was optically thin for these sequences; on the other hand, the




lighting of the sequence QU= 0 (curve 2) does not follow immediately

a hyperbolic decline; this sequence was saturated in the course of the

first minutes following the emission.

MEASUREMENT OF TEMPLERATURES

We have already given the
principle of our measurements and
described the spectrographs 5.G,0.
and R,E.0,5.C., utilized in [3, 4].
Besides, we disposed of a monochro-
mator and of a two-way monochromator-
photometer, whose results are now

being processed

1) Vibration Temperatures

a) Spectrograph REOSC.-

We obtained two utilizable
spectra offering the characteristic
transition bands Z."' -—X"’ of Al1O0.
Table 1 hereafter gives the inten-
sity ratio of the band heads of the
sequences Av= <1 and 4v= +1, and

also the corresponding temperatures.

TABLE 1
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Fig. 1
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We have also measured
on the sequence Av= + 1 of
the spectrum No. 2 the ratio
of planimetric areas‘of this
sequence's bands by extrapo-
lating the end of ranches P,
so as to take account of the

overlap (Fig, 2). We have found:
oo/oo




Bands 1 =0 2 =1 3= 2
areas 100 %] 11

say, a temperature of 750° K, which justifies experimentally the vali-
dity of the measurements made by comparing the intensity of band heads
(remark by D. C, Tyte [5]).

b) Spectrograph S,G.0.~- 19 spectra were taken. These spectra
offer sequences Ay= -2, —1, 0 and +2 of the transition I —Fof A10
and the sodium doublet. Two’ a)i them, taken from the cloud's periphery,
also offer at A 3.961.5 A sthe band O — O of the tramsition lfi~ 1%
of the molecule Al H. We measured ligthing ratio of the band heuds
1] =0 and 2~ 1, plotted as a function of time in Fig.3, on 10 of

our spectra.

Lightings
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Fig. 2

¢) Type- Ebert and Fastie Monochromator [6]. This device
includes :

— a dispersive system constituted by a net of 600 strokes/mm
of 100 mm in diameter (5000 A in the 1lst order),

- a mirror 300 mm in diameter,

- a receiver composed of a photomultiplier EMI with a tri-alcaline
layer, cooled by the Pelletier effect,

-~ an inlet and an outlet slot.

[*] insert; o
...the resonance line of Al and at A\ 4,242 A ....




The scanning of the networit is assured by a two-phase synchro-

nous motor with two-wav operation (1000 A/minute).

100 s :
" | Lighting retio of This device has given us
bend heads 1- 0 and 2-1 (%) every 45 seconds a spectrum of
v =_
$.G6.0. spectrozraph seauences OV 1 and +1, of
corresponding which we glVf an example in Fig,
sol tehneretures 4 with a 2 A resclution. The
0 IIIIIIIII I ——80 lighting ratios of the band
30l "-60 heads of the secuence Av= + 1
and of planimetric areas on
appeaiane of Ye clod enlargment of these sequences
parition du nuage tire in minutes . . .
are suumarized in Fig. 5. The
012345 10 15
y coincidence of these two measu-
Fig. 3

rements confirms the remark
made in regard of spectra obtai-
ned with the spectrograph REOSC.

AlQO tronsition -
Shet of. 9-2.64.
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Fig. &4

The measurements made over the sequence fv= =1 are unexploitable, as

being too dispersed.

2) Rotation Temperature

Because of cloud's optical thickness, only measurements made
L minutes after the cloud appearance are valid.

The comparison of the branch P of the band O-— 0 of the 2nd
spectrum obtained with the aid of the REOSC spectrogrzph with the




calculated theoretical profiles, gives a temperature comprised between
600 and 700°K.

For the monochromator registrztions, we have measured the ratio
of the intensity maximum of the brsnch P of the band 0 - 0, to that of
the minimum, wiich we constantly find at 4,862 X 1,5 R.The values of
this ratio and the corresponding temrieratures are plotted in Fig, 6.
The‘good reproductiveness oi the me-surements does not exclude the pos-

sibility of a systematic error.

100
Lighting ratio of bands _ Lighting ratio (%)
%51 and 3-2 (% of band 1-0) branch P bond 0-0 Epmini/Emax
band heads .
band areas Monochrom. correspe.
temperat.
Monochromator corresp. 50 : I .
temperat. ] =33 ¥
40
% , - m&I] I, 11 ILII —700
40} 1}11 . I :Z§§ bond. 21 oo o '
3o + L c[q“(.wuuna lime n min.
20 . /OPPC"“' du nuage lemps en
L gz v — 900% 20 minutes
ol - }‘5 FY - K %885700"”“ 12 012345 10 15
,apparition du nuoge ) temps en fepie on .
012345 10 15 20 minules  m.a. Fiz. 6

1
°““4‘?f“4 " fies CONCLUSION

The good arreement of our mezsurements made by two methods
with different devices allows a precise mezsurement of the temperature
at 177 km:
0 = 750 % 50°K,.
The payload utilized, easy to realize, must allow a simultaneous

measurement of the temperature over the width of the sodium doublet by

nine tenths of sodium nitrate load by potassium nitrate,

sxx THE END #xx

Manuscript received on
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